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FLEXIBILITY OF BEARING_SURFACES AND STRESS ON FABRICS.*
- By
~A. Proll.

Experience hasproved that the strength of airplame wings
is in no slight degree dependent on the tension due to the cow

ering of the'bearing'surfaces, which counteracts the deflection

of the spars and ribs. This influence is particularly noticea—

ble in the so-called "C loading,™ which occurs when an airplane

makes an almost perpendicular nose~dive. The air foices on the
wings are then principally reduced to the frontal resistance and
to a couple in a plane'perpendiculér to_the bearing surfaces,
which causes strong torsion. of the wings, so that one spar is
deflected upwards and the other downwards. It may therefore be
expected that there is great stress on the fabric in such cases.
On account of the direct air forces, however, the loadl is ex-
tremely unsymmetrieal even in case C, and the English measure-
ments* previously published show that it is particularly heavy
on the leading edge of the pressure and suetion sides. Even un-
der the simplified conditions of righting the airplane during
steep gliding flight (Case A) both stresses may be added. In
order to obtain a general survey; at‘least of the probable or-
der of theAvalues of the increase 6f ténsion, due to deflection,
it is assumed in'Fig. 1 thai the deflection takes place in an

upward direction (front spar in case A), and the top tension is

* See MUNK'S article on the "Distribution of Pressure on Bearing
Surfaces According to English Measurements," "Zeitschrifi fur
Flugtechnik und Motorluftschiffahrt," Vol. VII, 1916, p.133.




g
i

theréby extended, also in ‘cﬁmseqp.»encez. of the. great depression

Which' ought to take place a.ccoridii(ng to the méa,sure_mehts.'
Cuxrve »racliﬁs of the elaét'i¢ ‘liﬁes“ of‘the spars = 'ph,'
Rib spacing = 1, S

Spacing between the fa,brlc coverlng a:ad the ‘neutral a.X.lS of
of the spar = e,

Initial camber of the fabric (curve radius p depth of
camber f, ). 1o

(0 =/Negative in direction 3!)

The distance A B= 1, is enlarged to A'B' = 1 through
the bending:
1 '= Ph te = I T,
2 oh Pton (1)

The air loadi p (kg/mé) simultaneously causes the origi-
nally negative camber of the fabric flo to be transi® rmed into
the positive f,, the value of which is estimated in the present
inst ance by the diametrical measurements of {he camber,* but
which may generally be obtainech by fundamental formulas.**

The original length of the fabrie (Fig. la) is in accordance

with a well-known approximate formula:
2

_8. fllﬂ'} . e e s e e e e s e .' .
-Ll+3 1‘1 ' R . : (3)

‘with the requisite tension S, (preliminary stretching).
The new length is (Fig. 1b)
’ =2 . - .
fl‘ . L (3)***

* See Proll's "Fabric on Bearing Surfaces," Technische Berlchte
Vol.III, p.334.

** See Proll's "Fabric on Bearing Surfaces,"™ Vol. III, p.343.

*** The factor 1 + 5‘-31; may be 1eft out in the nominator of the second
: texrm. .

1, 1+5§E-+

oo
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and the accompanying tension S,.

The fabric is therefore stretched to.the following extent

__ e .8 -‘Ix g
AL=LPETE TR
and it is o
£ 2 _ f =° ) . .
Cl fed _A____-;:..J. ::-.@—— +§- fl 2 ln » .. . - . » - - . . (4:)
' 1 Ph 3 [ "

. 1
The deflection of the spars will evidently cause a diminution

of the depth of camber f as compared to its previously deterf

mined values. For the first calculation, however, the value

known by former tests may be taken. From the fundamental equatiOn

for the doubly curved fabric surface (tension S, and S, in warp

and woof), we get
S S

p = —++ 2
Ppip P €

2

the result, as shown elsewhere*' assuming parabolical ly formed:

curves, is

pl 2 S
Sl = 1 \1 b p 2 } . - . - - . a - » - (6)
8 fl “ p2

and after inserting f, from (4) -

2
87 (e -2 ol =82 (- )=
~1 3 2 ’ 1 1
Ph 31,
2, 2 . ) 2
.=g-—-l—l— (1— 2 .‘; "'-.lli(’?)
24 p_Po ’

* See A. Proll's. "Question of the Strength of Bearing Surface Ten-
sions," Zeitschr. f. Flugtechnik und Motorluftschiffahrt,
1915, Nos. 3, ‘4, 5 and 6&. . ’
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in which

] —

& = f)e-ﬁ—-——ﬂ—- L. . ... (8)
was iﬁseftéd.

Equation (7), in éoﬁjunction with the sq—célléd standardi_A
éhaxabteristic (Normal-Charakteristik) "N.C." * renders it pos-
éible-to form a calculériah of the cbndiﬁion of the fabric by in-
serting, point for point, in theAdiagram of the "N.C. ", the
S, + (e, - e;j curve {C curve, Fig. 2) derived from that equé-
tion. (Attention must be paid to the simultaneous alterati on of
S, [ Note J:). If there were no extension through the surface
flexion, this curve would be THE GEOMETRICAL LOCUS FCOR ALL THE
POINTS UNDER THE GIVEN CONDITIONS. As the actual extension is
greater, the real condition cuxrve (C' curve) is higher by ¢,’

1
at every point (Fig. 3).

* The best representation of the somewhat complicated conditions
in the two-dimensional deformation of the covering fabric is given
by the "Standard Characteristics," that is, two groups of curves
showing, on occasion, extension and contraction in terms of the
tension while taking into account the mutual influence of warp and
woof. In the general case of any fabric whatever, the strength
characteristics in the direction of warp or woof differ. Two
standard characteristics are therefore necessary, one with §,
as abscissae,and £, as ordinates (with constant S,) as shown in
Fig. 2; the other with S, as abscissae and the corresponding
tensions ¢, as ordinates and with curve groups_ of constant S,
In the caseé of IMPREGNATED fabrics, however,. the tests have shown
that not only is the capacity for resistance considerably higher

~ than in non-impregnated fabrics, but that the material, above all,
becomes far more alike in BOTH directions, and the two standard
characterisgtics are consequently but slightly different. . Such
impregnated fabrics being now almost exclusively used, it will
suffice t0 apply only ONE normal standard in the first Instance
for the following eonsiderati ons. _ S

In Fig. 3, for instance, the full curves (s, = constant) rep-
~resent the extensions (4%%i='€1,‘ which occur in the WARP direc-




- are of great importance, particularly in influencing tension S,.

- 6 - .

' In order to determine the condition point, the extension in |
direction 2 (&) must first be calculated.
According to Fig. 4, we find that the extension required in -

this case is

o 8 ; . - |
© =g, E” ~ %) (9

and | | o
(5 -5 )= (£, +£_) « ov v ... . .(10)%

20

'(flo,-being a negative camber).

On the C curve, the point must be found for which the exten- -
sion ¢, occurs correctly, and in:which the same tension S,
isééhewnuinebbﬁh curve sheafs, at two points perpendicularly above

one another.
(Continued from p.5)

tion with variable tension §S,, while the unalterable tension
Sz takes effect simultaneously. The dotted curves further show
the extensions that ocour simultaneously in the direction of the
WOCF:

Al
(""C"')2 = €3

Any condition of the fabric is then characterized by the TWO

' GONDITION POINTS P and P' respectively (Fig. 8). P is lo-

cated on the extended curve 8, = 100 kg/m., but the correspond-

 ing values are S, = 115 kg/m. and ¢, = 0.76%. P' ‘lies on the

same ordinate line (8, again = 100; P' +then gives 'S, = 115
kg/m. and S, = 100 kg/m. with the value ¢, = 0,13%. Iy and |
I, are the curves that correspond to the EQﬁAL tendons S and § .

* In this case, the length 1, is assumed to be always equal to

- the depth of the surface. This is only the case, however, when

the rear surface connecting organ (wire) is not deflected. 1In

case of its being deflected, however, the extension ¢,is dimin-
ished, and with it also the tend on S, (and S,). These condi-
tions must therefore always be taken into consiéera.tion, as they




with ¢ negative o

EXAMPLE Assuming that 1, = 0.33 m., 1, = 1.63 m.,

o = 4m.,* p may be taken Aélso'kg/m.'?-. THE DEFLECTION OF THE

2
SPARS BEING LEFT OUT OF GOMSIDERATIOW, accordlnglto equation (7),

'
1

§2 ¢, =100 1-—2 .........(7)
A o ' 600 o '
©For the point by point drawing, we assume that S, = O, 100,

300, and we get the following curves each time

. S 2
8," ¢, = 100 . 1 - 56%

Their point of intersection with the corresponding S, lines
are then the desired points of the C curve.

_According to tests,. it may now be assumed that f, = -5 mm.,
£, = +7 mm., £, = 60 mm., f = 723 mm., also that ¢ = 0.3%
(when the fabric does not contract towards the rear). Fig. 3 now:
shows how the condition point is found by means of tests., At
ﬁoint A (8 = 100), the corresponding extension (measured at
point A') is too small (0.17%). When B S, = 2300, it is far too
large (0.686%) (at point B'). ' .

The .correct condition point D (8§, = 108) lies between
them, with D.‘, the characteristic data of which are: ¢ = 0.2%,

€, = 0.24%, S, = 167 kg/m.**
* In consequence of the camber of the fabrlc there is a falrly
considerable alteration in '@, , whereby

1 - =85

p R

and also S, are diminished. It is therefore advisable to insert
the approximately determined curve radius g, beforehand, NOT
that of the fundamental camber. (The latter®is 4.8 m. in the
present instance.) :

** Tt can be seen from the extremely steep course of the C curve
that the tension S, remains ALMOST CONSTANT between 167 and 170,

whereas S; and €, are extremely variable.
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It is now evident that €1' < €, therefore 8§, is great-
er than be®H re, and in this respect it differs from the fabric

tension due to the deflection of the spars. The following must

,_aleo be observed in this case: With a bending moment M of the

spar in the space between two ribs, we get

1 M
P EJ

S ¢ D)
wvhere E and J relate to spar material end'cross—eection,
The actual bending moment M is, however, diminished in itself
by the tension of the fabric as regards the moment M' without
these; it is, namely.

M=M' -8, eXr. .. ....... (13
in which A designates that part of the‘depth of the ribs which

comes into consideration for the loading of the spar in ques-

tion. Equation (7) is thus replaced by:

§2 e, - =8 w -s,er - 8 fig° _
! : E J t 3 1.2
2y 1 R : 2 . .
=BT g S T (13
. 24 - BPR, ' : -
In this, we must again insert
A) 8 fl _

F(M* - ;e e e s . 2 (14)

1,°

* The determlnatlon of A dlffers apcordlng to the loadlng condi~
tlon, corresponding to the extremely varlable value of the air
forces per 1 meter square (p).

In thls respect it will suffice to assume that in the WA

.léadlng" A is caleulaxed from a point midway between the spars,

towards the front or to the tips of the wings, for front and rear
spars, and thax a mean value ‘is added for jo) (Flg. 5).




— 9 -

It must be observed that @ also changes in consequénge of
the deflection of the RIBS, also on acount of the alteration of
£, to f- As it would be to no purpose to establish an ex-
tremely complicated ratio between  S;, S, and €, cdnsidering
the simplifications that have been attained, it will be found
preferable.to calculate with subtcessive apprbximatioﬁs and to in-
sert M' = M in the first place. |

This will now be proved by completiné the example previous-
ly given: If the cross-section of the spar has a moment of in-
ertia J = 100 cm.%, and E = 10%° kg.cm.®, +the greatest moment
would be M' = 8500 kg. cm.* without taking into consideration
the influence of the fabric. If it be calculated that e = 5 cm.,
S; = 350 kg.m. and M = 60 cm., the fabric is responsible for a
moment of 2350 x 0.06 x 0.05 = 7.5 kg.m. = 750 kg.cm., that is
~ 8% of M, and therefore M = 8750 kg.cm. According to equa-
tion (14) we now get:

2

v+ . 5.8750. 8 0.5° _ _ ;
€, e ET s 0.00435 ~ 0.0004  0.004;

By so much - that is, 0.4% (C' curve) the C curve is thus
pushed upwards in a parallel direction. In the same way as be-

fore, the new condition point G (G') is found by assuming that

* The greatest stress on the spars is thus

o max = Mt = 475 kg/om.>2

oY bl

without taking ahy eventual axial forces into consideration.
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there is the same exfensian as before in direction 3< ¢, = 0.003
(0e8%)+ It is then found thaxr“l |

S, = 283 kg.m. €;= 0.43% S = 153 kg.m. ¢, = 0.3%-.

The warp threads are arranged in direction 1 (parallel to the
spars) in this example. |

The stress on the fabriec is con31derab1y 1ncreased through
the deflection of the spars, especially in direction 1.

The above calculation may be corrected by taking the value
S, = 883 kg-m. instead of the assumed value S, = 350 kg.m.,
though there would be but little difference in the result (s, would
be somewhat less) and the value of A on the other hand, cannot be
80 precisely estimated that the calculation would thereby be made
more accurate. |

The fact that the tension predominates so strongly in the di-
rection parallel to the spars is partly due to the fact of the
preculiarity of the characteristic standard curves, and particu-
larly to the extehsibility in the direction of the woof.

If, on the contrary, the fabric were STRETCHED AT AN ANGLE
DIFFERING BY 90° (woof - spar, warp — ribs), the‘ standard charac-
teristic acéording_to Fig. 6* is obtained, and an entirely simi—
lar rendering of the calculation again leads to a curve C' and.
the condition point G with S, = 160 kg.m. €,= 0.003 (presuma-

bly), S, = 165 kg.m. €, = 0.0047.

* A11 the indexes .1 and 8 must naturdly be altered in thls case,
In the second standard characteristic for this instance, the down-
ward (contraction) curves S, = constant are now curved lines;
this corresponds to the dissimilér spacing between the extension
curves S, = constant, in the first standard characterlstlc"(Flg.
3). 8, (fension in the direction parallel to the ribs) is now
warp, while the woof direction is laid parallel with the spars
and undergoes tension &5,.




The same temporary supposition thaﬁ S, = 850 kg.m. was es-
tablished in this case with regard to the tension caused by the
flexion of the fabric. As it proves to be far too large in this
case, a corrective calculation must be made. Assuming that
§, = 170 kg.m., S e A= 510 kg.cm. in that case, M = 9000 kg.cm.,
and cz' = 0.0041, Which‘wgpgﬁ scarcely pradyce any appreciable
alferation. ) | 4

For the fabriec utilized in this case, AN INTERCHANGE OF WOOF
AND WARP WOULD NOT ONLY LEAD TO GREATER UNIFORMITY OF TENSiON, BUT
ALSO TO A CONSIDERABLE DIMINUTION OF THE TENSION OF THE FABRIC.,
This is due to thé fact that the fabric hasgreaxér éxtensibility
in the DIRECTION OF THE WOOF, and it has been admitted that it is
advisable to LAY THE DiRECTION IN WHICH THERE IS THE GREATER EX-
TENSIBILITY PARALLEL WITH THE SPARS.*

* Without flexibility of the bearing surface (Fig. 6) lower
curve; '

= 0.2%.

S, = 130 kg.m., €,= 0.36%, S, = 145 kg.m. €,

Translated by the Paris Office, N.A.C.A.
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